Purpose Controlled ovarian hyperstimulation has been shown to advance endometrial maturation and adversely affects implantation in ART. It has been reported that there is a better embryo-endometrium synchrony in frozenthawed embryo transfer cycles than fresh embryo transfer cycles. The objective of this study was to compare ongoing pregnancy rates between fresh ET and FET cycles.
Introduction
Despite many advances in ART, pregnancy rates remain low [1] . Implantation is the "rate-limiting step" in the success of in vitro fertilization (IVF) cycles [2] . Controlled ovarian hyperstimulation (COH) adversely affects implantation following IVF-ET [3] . Periovulatory endometrial characteristics in stimulated cycles are considerably different compared with the natural cycles, and periovulatory secretory transformation is consistently advanced [4] . It has been apparent that if secretory endometrial advancement in the early luteal phase is more than 3 days, implantation does not occur in human [5] . An embryo-endometrium asynchrony in COH cycles impairs implantation and it has been suggested that the asynchrony problem in fresh cycles can be solved by cryopreservation of all embryos and transferring them subsequently in optimal conditions. The endometrial development in frozen-thawed cycles can be controlled more precisely than in the cycles of COH with gonadotropins [6] , therefore there is less asynchrony between endometrium and embryos in frozen-thawed embryo transfer (FET) cycles and such patients would have an increased chance of pregnancy.
Recently, in many reproductive centers, embryos are cryopreserved using vitrification. Vitrification is an ultrarapid method of cryopreservation whereby the embryo is transitioned from 37°C to −196°C in <1 s, resulting in extremely fast rates of cooling. High concentrations of cryoprotectants together with rapid cooling rates are essential to cryopreserve embryos in a vitrified, glass-like state [7] .
Vitrification has several advantages . The main benefits include the lack of ice crystal formation, made possible through increased speed of temperature conduction, reducing associated chilling injuries, therefore, vitrification is associated with less cellular trauma than slow freezing and it has been reported that the cryosurvival rate with vitrification is ∼95% [8] . Additionally, a practical advantage is the speed of the process and there is no need for expensive equipments [9] [10] [11] . Therefore, vitrification is considered as the method of choice for human embryo cryopreservation.
We designed this study to evaluate the effect of performing FETs instead of fresh embryo transfers (ETs) on ongoing pregnancy rates in IVF/intracytoplasmic sperm injection (ICSI) cycles. Clinical data suggest that cryopreservation of all embryos by vitrification and transferring them subsequently may be an effective strategy to enhance outcomes in assisted reproduction technology (ART). It was our aim to determine whether we could apply this new strategy to clinical practice.
Materias and methods

Study design and participants
This study was a prospective randomized controlled trial to assess the hypothesis that replacement of fresh ET by FET would enhance outcomes of ART cycles. The study was performed at university-based and a private assisted reproduction center between February 1, 2007 and February 1, 2009, including 374 patients who were candidates for IVF/ICSI and who were classified as high responders. Because of ethical concerns we chose high responders. This study was approved by the ethics committee of Research and Clinical Center for Infertility, Shahid Sadoughi Univesity of Medical Science. All couples were required to sign a written informed consent after the provision of complete information to them.
Inclusion criteria
Patients who had ≥15 follicles with a mean diameter ≥12 mm per ovary at the end of the follicular phase of COH, and/or E2 levels on the day of hCG administration >3,000 pg/mL, and/or >15 retrieved oocytes.
Patients who had at least two top-quality embryos appropriate for cryopreservation. Top-quality embryos were defined as day 2 embryos having four or more evenly sized and equally shaped blastomeres, with <20% fragmentation and no multinucleation [12] .
Exclusion criteria
Patients who were ≥38 years old, patients with serum day 3 FSH levels ≥10, patients who did not undergo their first assisted reproduction treatment cycles, patiens who were coasted more than 2 days, patients with any symptoms and signs of ovarian hyperstimulation syndrome (OHSS) on the day of ET, and patients who did not have top-quality embryos appropriate for cryopreservation.
Randomization
Eligible women were randomized to either group in a ratio of 1:1 by means of computer-generated random numbers on the day of ET. Selection into the groups and randomization were performed by a nurse not involved in the study by using a series of consecutively numbered sealed opaque envelopes. Both the patients and the clinicians were aware of the allocated arm.
Interventions
All patients in the initial cohort were treated with long protocol for ovarian stimulation. For pituitary downregulation, patients were treated with daily administration of 0.5 mg buserelin (suprefact, Aventis, Frankfurt, Germany) from day 21 of menstrual cycle. Buserelin was reduced to 0.25 mg daily when ovaries were quiescent on ultrasound, and COH was initiated with recombinant FSH (Gonal F, Serono, Aubnne, Switzerland) 150 IU/day on day 2 of withdrawal bleeding. Serial ultrasound examinations and evaluation of serum E2 levels were used to assess ovarian response, and then gonadotropin dose adjustments were done as required. Human chorionic gonadotropin (pregnyl, Organon, Oss, the Netherlands) 10,000 IU was administered when at least two follicles reached a mean diameter of 18 mm.
Oocyte retrieval was performed 34-36 h after hCG administration and conventional insemination or ICSI was performed as clinically appropriate.
In 187 patients allocated to fresh ET group, ET were performed on day 2. Embryos were transferred under ultrasound guidance, with a C.C.D. embryo transfer catheter (Laboratory C.C.D., Paris, France). Luteal support with progesterone in oil (Progesterone, Aburaihan Co., Tehran, Iran) 100 mg daily IM was started on the day of oocyte retrieval and continued until the documentation of fetal heart activity on ultrasound.
In 187 patients allocated to FET group, cryopreservation of all embryos were undertaken with vitrification by Cryotop method on day 2 and after 2 months, embryos were transferred.
The protocol for the Cryotop vitrification of embryos was described previously [13, 14] .
After a two-step loading with equilibration solution containing 7.5% (v/v) ethylene glycol and 7.5% (v/v) dimethyl sulfoxide, and vitrification solution containing 15% (v/v) ethylene glycol, 15% (v/v) dimethyl sulfoxide and 0.5 mol/L sucrose, embryos were loaded with a narrow glass capillary onto the Cryotop in a volume of <0.1 µL . After loading, almost all the solution was removed to leave only a thin layer covering the embryos, and the sample was quickly immersed into liquid nitrogen (LN). Subsequently, the plastic cap was pulled over the film part of the Cryotop, and the sample was stored under LN. At warming, the protective cap was removed from the Cryotop while it was still submerged in LN and the Cryotop was immersed directly into a 37°C medium containing sucrose. The embryos were then sequentially incubated in diluents solution before further in vitro culture for transfer.
Each embryo was carefully evaluated twice, immediately after thawing for the number of surviving blastomeres and a second evaluation was performed 18 h later prior to transfer in order to assess the resumption of mitosis and the total number of blastomeres. Embryos were considered to have survived if >50% of the blastomeres were intact, and showing at least one blastomere divided by 18 h of postthaw culture (Balaban et al., 2008) . Embryos were classified as either fully intact (100% cells survived), partially damaged (≥50% cells survived) or degenerated (<50% cells survived) after thawing. Only intact and partially damaged embryos were transferred. Thawed embryos were graded using the same criteria as in the fresh cycles [15] .
Patients were prepared for ET with oral E2 to attain endometrial thickness ≥8 mm and triple line pattern on ultrasound scans. At that time, patients were given 100 mg of IM progesterone in oil daily and ET was preformed 3 days later under abdominal ultrasound guidance as described earlier. Oral E2 and progesterone were continued until documentation of fetal heart activity by ultrasonography.
Outcome measures
Primary outcome measures were the ongoing pregnancy rates and the secondary outcome measures were implantation, clinical pregnancy and multiple pregnancy rates. Ongoing pregnancy was defined as pregnancy proceeding beyond the 12th gestational week. Implantation rate reflected the number of gestational sacs seen per embryo transferred. Clinical pregnancy was considered as the presence of a gestational sac with fetal heart activity, as assessed by ultrasound at 7 weeks of gestation. Multiple pregnancy was defined as a gestation with more than one fetus.
Statistical analysis
Sample size calculation
Ongoing pregnancy rate was the primary outcome measure. Based on previous clinical study results that an effective strategy in ART cycles leads to absolute difference of 10-15% in ongoing pregnancy rate, the study was designed to have sufficient power to detect an absolute difference of 14% in the ongoing pregnancy rate. It was calculated that 187 subjects in each group would be an adequate number to achieve an 80% power of detection of difference at a significant level (alpha) of 0.05. It should be noted that the difference of 14% was arbitrarily defined in order to complete the study in two years.
Statistical tests
All patients randomized, were included in the analyses of the primary efficacy end point (intention-to-treat analysis). Data were expressed as mean ± SD unless otherwise stated. The normality of distribution of variables was tested by using the Kolmogorov-Smirnov test. Independent sample t-test was used for continuous variables which were normally distributed and Mann-Whitney U test for data not normally distributed. Chi-squared test with Yates correction or Fisher exact test were used for qualitative variables as appropriate. P<0 .05 was considered statistically significant. A logit model based on generalized estimating equation methods was applied to determine the odds ratio and its associated p value and confidence interval when comparing outcomes between study and control groups. The Statistical Package for Social Science (SPSS, version 15.0 for windows; SPSS Inc., Chicago. IL) was used for data analysis.
Results
The results were reported in accordance with the CONSORT statement. Of 503 women eligible to the study, 129 were excluded, and finally 374 patients were enrolled and randomized. There were not any women lost to follow up or otherwise dropping out from the study post-randomization. However, four women in FET group did not have top-quality embryos after thawing, but they were included in the final analysis in accordance with the intention-to-treat method. The CONSORT statement flow diagram is presented in Fig. 1 .
There were no significant differences regarding demographic characteristics between the groups ( Table 1) .
The cycle characteristics and outcome of vitrification and warming procedures are demonstrated in Table 2 . The mean number of retrieved oocytes, E2 levels on hCG day, gonadotropin dose, percentage of ICSI performance, fertilization rate, mean number of embryos transferred, and mean number of top-quality embryos transferred were similar in the two groups. Assisted hatching performance was significantly different in two groups. The cryosurvival rate was 96.02%, and the percentage of embryos with all blastomeres intact after warming was 75.3%.
Cycle outcome characteristics are shown in Table 3 . Ongoing pregnancy, clinical pregnancy, and implantation rate were significantly higher in FET group. A trend towards a higher multiple pregnancy rate, which did not achieve statistical significance, was also noted in FET cycles.
There were 73 (39%) ongoing pregnancies in the FET group, and 52 (27.8%) in the fresh TE group (OR=1.66; 95% CI=1.07-2.56; p=0.02). There were 78 (41.7%) clinical pregnancies in the FET group, and 58 (31%) in the fresh TE group (OR=1.59; 95% CI=1.04-2.43; p= 0.03). Multiple pregnancy rates were 26% (19/73) in the FET group and 15.4% (8/52) in the fresh ET group (OR= 1.93; 95% CI=0.77-4.84; P=0.158). Implantation rates were 100/404 (24.7%) and 72/416 (17.5%) in the FET and fresh ET groups, respectively (p<0.05).
Discussion
In the present study, we found that the implantation, clinical, and ongoing pregnancy rates were significantly higher in FET group. A trend towards higher multiple pregnancy rate was also noted in FET cycles. Two previous studies have compared cryopreservation of all embryos with either human albumin or fresh ET and in the former, higher pregnancy rate was found in FET group [16] and in the latter no difference was found [17] .
Different implantation rates in two groups may reflect different endometrial receptivity and higher synchronization between embryo and endometrial development in FET cycles.
Advanced endometrial development especially in stroma of endometrium after ovulation induction with hMG/hCG for IVF has been reported in many studies [18, 19] . High E2 levels in proliferative phase in COH cycles cause upregulation of progesterone receptors in endometrium [20] , furthermore, high serum E2 and/or progesterone affect the gene expression profiles of human endometrium, therefore, endometrial receptivity may be altered [21] . The comparison of gene expression from the same patients between natural and stimulated cycles revealed endometrial profile associated with either a moderately altered receptivity in most cases (86%) or a strongly altered receptivity during the COS protocol in a few cases (14%). These data suggest that either the duration or FSH dose in gonadotropins treatment under COH cycles leads to the transcriptional activation of the other genes which are not involved in physiological endometrium receptivity. In addition major differences in biological functions known to be involved in the implantation process such as the TGFβ signaling pathway, the complement and coagulation cascades and the leukocyte transendothelial migration were observed between the natural and stimulated cycles. Haouzi et al. demonstrated that gonadotropin treatment in COH cycles led to disruption of the transcriptional activation of genes involved in normal endometrial receptivity, and they suggested that when the receptiveness of the endometrium was seriously compromised by the COH, fresh ET should be cancelled [22] .
Embryo and endometrial asynchrony is a limiting factor in IVF success in fresh cycles [2] . Embryo and endometrial development synchronization can be attained better by timing progesterone administration in FET cycles. Shapiro et al. found that large blastocyst diameter, early blastulation, and low preovulatory serum progesterone were dominant predictors of clinical pregnancy in fresh autologous cycles. They suggested that embryo-endometrium asynchrony was a dominant mechanism in cycle failure and recommended when all these three variables were suboptimal, the embryos should be cryopreserved for later use under more optimal conditions [23] .
Therefore, the hypothesis of cryopreservation of all embryos and transferring them subsequently, may enhance endometrial receptivity and implantation rate and outcome of ART cycles in some patients. Thus, it provides many clinical benefits, including the increasing of cumulative pregnancy rates and reducing the risk of OHSS. Modifying the transfer strategy also allows the number of replaced embryos to be reduced, thereby diminishing the rate of multiple pregnancies. Ultimately, by improvement of the success rate/ET we can use mild stimulation protocols which might decrease patient discomfort, emotional ditress and cost.
In the current study, embryo morphology was similar in both groups before cryopreservation. In spite of similar morphology, all embryos did not tolerate cryopreservation Table 3 Outcome of cycle J Assist Reprod Genet equally. It has been reported that embryos that have further cleaved during the post-thaw period have the significantly higher chance of implantation and a large number of uncleaved frozen-thawed embryos have chromosomal aberrations [24] . Therefore, the other explanation for increasing pregnancy rates in FET group might be that embryos with higher implantation potential survived after thawing and these embryos improved outcomes. There are two major concerns for our study. First is,the toxic effects of high concentration of cryoprotectant agents in vitrification may affect adversely the embryos [25, 26] . However, it has been proven that embryo survival and subsequent embryo development are significantly high following vitrification [8] . In addition, we performed cryopreservation of all embryos only in patients who had adequate number of good quality embryos appropriate for freezing and we recommend this strategy only in patients who have sufficient embryos appropriate for cryopreservation. Further studies are needed to maximize cryosurvival rate in vitrification. We hope that with advancement in this era we can use this strategy in all IVF/ICSI cycles.
The second concern is that vitrification is a novel method and the controversy regarding the overall safety of this method in ART is ongoing. However, Takahashi et al. compared the perinatal outcome of 413 cryoloop vitrifiedwarmed blastocyst transfers with that of 602 fresh blastocyst transfers. No significant differences were reported in the mean gestational age, birth weight, preterm birth rate or congenital birth defect rate [27] .
Recently, Rama Raju et al. compared and evaluated the neonatal outcomes in infants born after vitrified day 3 ETs with that of fresh day 3 ETs. The preliminary study showed that neonatal outcomes in vitrified FETs were comparable with fresh ET cycles [28] .
The possibility of viral contamination has been suggested following spiking of LN storage with high viral titers [29] . Publication by Kyuwa et al. indicates that crosscontamination is unlikely [30] . Furthermore, Cryotop method, an advanced version of the minimal volume approaches helps to eliminate potential dangers of disease transmission in vitrification technique [31, 32] .
In conclusion, the strategy of cryopreservation of all embryos and transferring them subsequently in optimal conditions in highly selected patients increases the synchrony between embryo and endometrial development, and therefore, improves the ongoing pregnancy rate and outcome of ART cycles. Much work remains to be done in optimizing this strategy in different cycle characteristics and evaluating it in all ART cycles.
Vitrification is the preferred method for cryopreservation of embryos with high survival rates and low rates of cooling injury. Follow up investigations should be performed to ensure the safety of vitrification.
